Knowledge of the effect of income on economic behavior in general, and on labor supply in particular, is of great importance to policy makers. For example, in his introduction to a discussion of the negative income tax experiments, William Morrill, Assistant Secretary for Planning and Evaluation in the Department of Health, Education and Welfare during the Nixon administration, wrote concerning the debate over effects of extending cash assistance to the working poor: "Central to this debate has been the question of labor supply of such families. Would the receipt of assistance payments cause them to work less, or in some cases, quit work altogether?" (Morrill, 1974 p. 156 ). Although welfare programs are typically a combination of lump-sum grants and tax rates, the effect of unearned income on labor supply is at least part of what is needed to evaluate such programs. Estimation of income effects, however, is complicated by the fact that realistic amounts of income are almost never randomly assigned and exogenous changes in income are difficult to identify. In practice, researchers have often taken spousal or property income as exogenous for the purposes of estimating the effects of unearned income.
In this paper we address the problem of identifying exogenous variation in unearned income by exploiting the randomized assignment of large amounts of money over long periods of time through lotteries. We surveyed individuals who played the lottery in Massachusetts in the mid-1980's, including both winners of large prizes and people who won small, one-time prizes.
We investigate the relationship between the magnitude of the prize and economic behavior as measured by subsequent earnings, consumption, and savings, and report estimates of the marginal propensity to allocate the unearned income to various categories. In the context of a standard life-cycle model of labor supply with Stone-Geary preferences, we estimate the marginal propensity to earn out of unearned income to be approximately Ϫ11 percent. This does not differ significantly between men and women. It is significantly greater in magnitude for individuals close to retirement age, but not for individuals already over retirement age at the time of winning. Some of the lottery winnings are spent on cars, with a marginal propensity to consume of 1.4 percent, and housing, with a marginal propensity to consume around 3.7 percent. Approximately 16 percent of the prize money accumulated so far (that is on average 10 years into the 20 years of payments) goes into general savings. As predicted by the theory, individuals who won more recently are estimated to have lower savings rates compared with individuals who won the lottery longer ago but, somewhat surprisingly, the savings rates do not seem to vary by age.
These results are robust against a variety of specifications and we conclude that they can be interpreted as estimates of the causal effect of lottery prizes on labor earnings, savings and consumption. Two caveats should be kept in mind, however. First, the population of lottery players is not necessarily representative of the U.S. population. To investigate this further, we compare our sample to the New England subsample of the Current Population Survey. We find that in our lottery sample, middle-aged people are overrepresented, consistent with findings of other studies of lottery players. Conditional on age, gender, and education, their earnings are somewhat lower than those of the general population, but leastsquares estimates of the returns to education are similar in both populations. A second caveat is that responses to lottery prizes need not be typical of responses to other forms of unearned income such as government-provided cash assistancewhat Richard Thaler (1990) refers to as fungibility. It is likely, however, that the response to lottery prizes is informative about the response to other types of unearned income. The finding that our estimates of the marginal propensity to earn out of unearned income are in line with those of nonexperimental studies is supportive of this interpretation.
I. Literature
There is a large literature concerned with estimating the effect of unearned income on labor supply. See John Pencavel (1986) and Richard Blundell and Thomas MaCurdy (2000) for surveys of men and Mark Killingsworth and James Heckman (1986) for a survey of women. Most of the studies utilized data from large, representative surveys such as the Panel Study of Income Dynamics (PSID), the National Longitudinal Survey (NLS), or the Current Population Survey (CPS). A major theme of this literature is the difficulty in constructing exogenous measures of unearned income in such data sets. Researchers have often used capital income or spousal-labor earnings, but the assumption that these are exogenous to labor supply decisions is tenuous.
Another strand of the literature on estimation of income effects analyzed experimental data with clearly exogenous components of unearned income. In the early 1970's several negative income tax (NIT) experiments were conducted in the United States in which a selected population received randomly assigned tax schedules characterized by a guarantee level combined with a tax rate. 1 Although the NIT experiments provided valuable and relatively uncontroversial estimates due to the randomized assignment, their value is limited by the duration of the income supplement, ranging from three to five years. It is therefore possible that responses to the different tax regimes do not represent long-run responses to a permanent change in regime. Additional limitations stem from the modest size of the amounts of income randomly assigned, as well as from the attrition in the sample over time. 2 A third strand of the literature consists of a number of case studies in which large amounts of money were allocated using distribution rules that were arguably independent of preferences and other determinants of economic behavior. Examples of these so-called natural experiments are Mordechai Kreinin (1961) and Michael Landsberger (1963) , who looked at one-time war reparations paid to Israeli citizens by the German government; Ronald Bodkin (1959) , who looked at one-time payments by the U.S. government to selected service men after World War II; and Douglas Holtz-Eakin et al. (1993) , who looked at the effects of inheritances on employment.
our case for exogeneity, although like many other natural experiments, a limitation of our study is the potential lack of representativeness of the populations studied.
Finally, as in the current paper, H. Roy Kaplan (1985) analyzed a survey of lottery winners. Kaplan, however, only collected data on economic behavior immediately prior and immediately subsequent to the lottery winning, with limited controls. In contrast, we have six years of accurate post-lottery earnings data from the Social Security Administration and detailed background variables.
II. The Data
Our lottery data set consists of two samples, the "winners" sample and the "nonwinners" sample. The relevant population for the winners sample consists of people playing the Megabucks lottery in Massachusetts during the years 1984 through 1988 and winning a major prize. Major prizes for the purposes of this study are prizes that are paid out in yearly installments over 20 years. The total prizes range from $22,000 to $9,696,000, with the sample mean and median equal to $1,104,000 and $635,000, respectively. 4 The "nonwinners" sample comes from the population of season ticket holders between 1984 and 1988 who have won at least one small, one-time prize, ranging from $100 to $5,000. 5 The people in this sample are for simplicity referred to as the "nonwinners," although it should be stressed that they did actually win small, one-time prizes.
A. The Survey
The survey questionnaire, available in Appendix A in the working paper (Imbens et al., 1999) , consists of three sets of questions, the first concerning outcomes at the time of the survey, the second concerning economic behavior and background characteristics at the time of winning, and the third concerning earnings. The first set of questions is about the current (time of survey) circumstances of the respondent and his or her household. These include questions regarding the labor market status of the respondent and spouse, their financial assets, their housing situation, and car values. Estimating the effect of the lottery prize on these outcomes is one of the primary goals of the current study.
Second, there are a number of questions concerning background characteristics and economic behavior of the winners at the time they won their prize in the lottery. There are three reasons for including these questions. First, we wish to investigate the heterogeneity of the income effects by individual characteristics such as gender, prelottery labor market status, and age. Second, the inclusion of control variables can improve the precision of the estimates just as in a randomized experiment. Third, and most important, the variables can be used to make the inferences more credible and provide us with checks on the validity of the inferences. In principle, the randomization should ensure that the subsamples of winners and nonwinners are comparable at the time of playing the lottery. In practice, there are three reasons why this need not be true in our sample. First, the randomization is over tickets and individuals buy different numbers of tickets. Second, there are only season ticket holders in the nonwinners sample and an unknown mix of season and single ticket buyers in the winners sample. Third, there is nonresponse, which may be correlated with individual differences as well as the prize. Similar concerns arose in the analysis of the NIT experiments (e.g., Hausman and Wise, 1985) . The covariates can be used to help adjust for such differences. Note that of these three arguments only the nonresponse argument is relevant for biases in analyses involving only winners, and for this reason we limit some of the analyses to this subsample.
The third set of questions concerns labor earnings. We asked respondents to authorize the release of their Social Security earnings records to us. For those who signed the Social Security release forms, we have accurate earnings records for at least six years preceding and six years following the time of winning. 6 The survey was conducted in three stages. In July 1995 we sent out by regular mail pilot surveys to 50 winners and 50 nonwinners to assess response rates and various approaches to increasing them. In July 1996 we sent out, again by regular mail, surveys to 752 winners and 637 nonwinners. Finally, in September 1996 we sent out reminders to 297 nonresponding winners and 297 nonresponding nonwinners. The reminders were sent by Federal Express to increase the likelihood of potential respondents paying attention to the survey. In the pilot survey and the main mailing, respondents were offered the choice between lottery tickets with a nominal cost of 100 dollars or gift certificates in major department stores with a nominal cost of 50 dollars. In the follow-up part of the survey, 49 winners and 49 nonwinners were sent ten dollars in cash and were offered a check for an additional 40 dollars in exchange for returning the survey. 7 The other 248 winners and 248 nonwinners approached in the follow-up were offered a check for 50 dollars for returning the survey. Table 1 summarizes the response rates for the different mailings. The overall response rate is approximately 46 percent, somewhat higher for nonwinners at 49 percent than for winners at 42 percent. 8 It should be noted, however, that the follow-up mailing did not include all nonrespondents from the previous mailing for budgetary reasons. Had we followed up on all nonrespondents in the main mailing using the 10-dollarcash/40-dollar-check incentive scheme, the expected overall response would have been [0.38 ϩ (1 Ϫ 0.38) ϫ 0.23] ϫ 100 percent ϭ 53 percent, rather than the actual 46 percent response rate.
B. Summary Statistics
Our basic sample for the analyses presented below consists of individuals with complete answers to the questions on selected pre-lottery conditions (i.e., number of tickets bought, age, years of high school, years of college, gender, whether the individual was working at the time of playing the lottery) and who authorized the release of their Social Security earnings. This leaves us with a sample of 496 observations, 259 nonwinners and 237 winners. For analyses involving additional variables (e.g., savings or consumption) we select subsamples of this basic sample with complete answers to the questions regarding the additional variables. In doing so we discarded individuals who responded to some of the questions, and therefore possibly introduced biases or at least lost some precision. In future work we intend to investigate alternative approaches to missing data involving models for nonresponse and multiple imputation. Table 2 presents summary statistics for the variables used in the analyses. For each variable the mean and standard deviation for the entire sample are given in the first two columns. We also present 7 Incentive schemes where potential respondents are paid prior to responding were previously implemented in Thomas Philipson (1997) , who discusses the merits of such schemes in detail. 8 One might have expected a lower response rate for winners because, with the incentives equal in absolute terms for winners and nonwinners, the relative incentives are much lower for winners. On the other hand, for the winners the addresses are almost guaranteed to be up to date, whereas it is likely that some of the addresses for nonwinners are out of date. Consistent with Philipson's (1997) findings, the incentive scheme with $10 up front and a promise of $40 more rather than a promise of $50 did lead to a higher response rate (23 versus 16 percent). The test of the null hypothesis that the two response rates are equal gives a t-statistic of 1.81 with a p-value of 0.08. 9 See, for example, Roderick Little and Rubin (1987) and Rubin (1987) . Notes: For each of the mailings, we report the number of surveys mailed out and received separately for the nonwinners and winners, as well as the response rates. In the follow-up, we offered some people a $50 check and for others included a $10 bill in the mailing, combined with an offer for a $40 check in case of response. The follow-up was done using Federal Express.
averages separately for the nonwinners and winners, as well as t-statistics for the null hypotheses that the averages for the nonwinner and winner subpopulations are identical. Finally, we present averages for the subsample of 43 "big" winners, who win more than $100,000 per year (more than $2,000,000 total), and t-statistics for the null hypothesis that the averages for the big winners are different from those for the "small" winners (winners of prizes less than $2,000,000) total.
10 10 We consider this group separately because in some of the regressions below we exclude the big winners to investigate the sensitivity of the estimates to their presence. This small group of big winners have average yearly prizes of $160,000. Excluding these 43 big winners, the average yearly prize for the winners drops from $55,200 to $31,500. Notes: The first two columns report the sample average and standard deviation for the basic sample of 496. For the consumption and savings variables the sample size is slightly smaller due to item nonresponse. The third and fourth columns report sample averages for the nonwinners and winners respectively, with the fifth column the t-statistic for the null hypothesis that the averages for winners and nonwinners are identical. The sixth column reports the sample average for the 43 big winners (winners with a yearly prize at least $100,000), and the seventh column reports the t-statistic for the null hypothesis that the average for the big winners is the same as the average for the other winners.
On average the individuals in our basic sample won yearly prizes of $26,000 (averaged over the $55,000 for winners and zero for nonwinners). Typically they won 10 years prior to completing our survey in 1996, implying they are on average halfway through their 20 years of lottery payments when they responded in 1996. We asked all individuals how many tickets they bought in a typical week in the year they won the lottery. 11 As expected, the number of tickets bought is considerably higher for winners than for nonwinners. On average, the individuals in our basic sample are 50 years old at the time of winning, which, for the average person was in 1986; 35 percent of the sample was over 55 and 15 percent was over 65 years old at the time of winning; 63 percent of the sample was male. The average number of years of schooling, calculated as years of high school plus years of college plus 8, is equal to 13.7; 64 percent claimed at least one year of college.
We observe, for each individual in the basic sample, Social Security earnings for six years preceding the time of winning the lottery, for the year they won (year zero), and for six years following winning. Average earnings, in terms of 1986 dollars, rise over the pre-winning period from $13,930 to $16,330, and then decline back to $13,290 over the post-winning period. For those with positive Social Security earnings, average earnings rise over the entire 13-year period from $20,180 to $24,300. Participation rates, as measured by positive Social Security earnings, gradually decline over the 13 years, starting at around 70 percent before going down to 56 percent. Figures 1 and 2 present graphs for average earnings and the proportion of individuals with positive earnings for the three groups, nonwinners, winners, and big winners. One can see a modest decline in earnings and proportion of individuals with positive earnings for the full winner sample compared to the nonwinners after winning the lottery, and a sharp and much larger decline for big winners at the time of winning. A simple difference-in-differences type estimate of the marginal propensity to earn out of unearned income (mpe) can be based on the ratio of the difference in the average change in earnings before and after winning the lottery for two groups and the difference in the average prize for the same two groups. For the winners, the difference in average earnings over the six post-lottery years and the six prelottery years is Ϫ$1,877 and for the nonwinners the average change is $448. Given a difference in average prize of $55,000 for the winner/nonwinners comparison, the estimated mpe is (Ϫ1,877 Ϫ 448)/(55,000 Ϫ 0) ϭ Ϫ0.042 (SE 0.016). For the big-winners/small-winners comparison, this estimate is Ϫ0.059 (SE 0.018). In Section IV we report estimates for this quantity using more sophisticated analyses.
On average the value of all cars was $18,200. For housing the average value was $166,300, with an average mortgage of $44,200. 12 We aggregated the responses to financial wealth into two categories. The first concerns retirement type accounts, including IRA's, 401(k) plans, and other retirement-related savings. The second consists of stocks, bonds, and mutual funds and general savings. 13 We construct an additional variable "total financial wealth," adding up the two savings categories.
14 Wealth in the various savings accounts is somewhat higher than net wealth in housing, $133,000 versus $122,000. The distributions of these financial wealth variables are very skewed with, for example, wealth in mutual funds for the 414 respondents ranging from zero to $1.75 million, with a mean of $53,000, a median of $10,000, and 35 percent zeros.
The critical assumption underlying our analysis is that the magnitude of the lottery prize is random. Given this assumption the background characteristics and pre-lottery earnings should not differ significantly between nonwinners and winners. However, the t-statistics in Table 1 show that nonwinners are significantly more educated than winners, and they are also older.
This likely reflects the differences between season ticket holders and single ticket buyers as the differences between all winners and the big winners tend to be smaller. 15 To investigate further whether the assumption of random assignment of lottery prizes is more plausible within the more narrowly defined subsamples, we regressed the lottery prize on a set of 21 pre-lottery variables (years of education, age, number of tickets bought, year of winning, earnings in six years prior to winning, dummies for sex, college, age over 55, age over 65, for working at the time of winning, and dummies for positive earnings in six years prior to winning). Testing for the joint significance of all 21 covariates in the full sample of 496 observations led to a chi-squared statistic of 99.9 (dof 21), highly significant ( p Ͻ 0.001). In the sample of 237 winners, the chi-squared statistic was 64.5, again highly significant ( p Ͻ 0.001). In the sample of 193 small winners, the chi-squared statistic was 28.6 , not significant at the 10-percent level. This provides some support for assumption of random assignment of the lottery prizes, at least within the subsample of small winners. 13 See the Appendix in Imbens et al. (1999) for the questionnaire with the exact formulation of the questions.
14 To reduce the effect of item nonresponse for this last variable, total financial wealth, we added zeros to all missing savings categories for those people who reported positive savings for at least one of the categories. That is, if someone reports positive savings in the category "retirement accounts," but did not answer the question for mutual funds, we impute a zero for mutual funds in the construction of total financial wealth. For the 462 observations on total financial wealth, zeros were imputed for 27 individuals for retirement savings and for 30 individuals for mutual funds and general savings. As a result, the average of the two savings categories does not add up to the average of total savings, and the number of observations for the total savings variable is larger than that for each of the two savings categories. 15 Although the differences between small and big winners are smaller than those between winners and losers, some of them are still significant. The most likely cause is the differential nonresponse by lottery prize. Because we do know for all individuals, respondents or nonrespondents, the magnitude of the prize, we can directly investigate the correlation between response and prize. Such a non-zero correlation is a necessary condition for nonresponse to lead to bias. The t-statistic for the slope coefficient in a logistic regression of response on the logarithm of the yearly prize is Ϫ3.5 (the response rate goes down with the prize), lending credence to this argument. 
C. Comparison with the Current Population Survey
To provide the appropriate context for the results discussed below we compare our sample to a more representative sample of the general population drawn from the Current Population Survey (CPS). We focus on a comparison of the joint distribution of gender, age, education, and earnings in 1983. We use 1983 as the comparison year because it is the last year prior to anyone in the lottery sample winning so that earnings for the lottery sample cannot yet be affected by the prize. As the measure of education in the lottery sample we add 8 to the sum of the years of college and high school reported. For the CPS education variable we take the highest grade attended and subtract 1 if the highest grade attended was not completed. To make the CPS measure comparable to our measure we set the minimum at 8 years of education and the maximum at 16. For the earnings variable in the CPS we take total yearly earnings, not including unearned income, top-coded at the Social Security maximum for 1983. Table 3 presents the summary statistics for the lottery sample of 496 and the subsample of size 3,778 from the CPS drawn from the New England states. We discard CPS observations with ages outside the range of the lottery sample, 19 and 81 in 1983. The raw CPS sample (CPS-raw in Table 3 ) is more balanced in its gender composition, with relatively more women than the lottery sample. This agrees with Charles Clotfelter and Philip Cook's (1989) findings that men are more likely to play the lottery than women. The CPS sample is on average slightly younger, with a much more dispersed age distribution. This again agrees with Clotfelter and Cook, and with Lisa Farrell and Ian Walker (1999), who find that lottery participation by age follows an inverted U-shape, with lottery players more likely to come from the middle of the age distribution. Compared to the CPS the lottery sample has higher average education and earnings. This result is somewhat surprising as researchers have often found that lottery players are relatively low educated (e.g., Clotfelter and Cook, 1989) , although gambling in general is often found to increase with education. To further investigate this result we match the CPS sample on age and gender to the lottery sample. The adjusted averages are reported in the CPS-I columns in Table 3 . We find that after this adjustment, the lottery sample is still more highly educated than the CPS sample, although their earnings are now similar. If we also adjust for years of education (CPS-II), we find that the earnings in the lottery sample are considerably lower than those for the CPS sample, consistent with other research.
The most surprising difference between the lottery sample and the CPS is in the education distribution. In the CPS as well as in the lottery sample the education distribution has modes at 8, 12, and 16 years of education, but the relative weight of the modes is quite different. Taking the raw CPS sample, the proportion of people with less than or equal to 8 years of education is 9 percent, the proportion with exactly 12 years (high school) is 38 percent, and the percentage with 16 years of education (college) is 23 percent. For the lottery sample these proportions are 3 percent (8 years), 26 percent (12 years), and 37 percent (16 years). Although some of these differences may be due to nonresponse, with a 50-percent response rate it is difficult to attribute them entirely to nonresponse. An alternative explanation is measurement error, possibly deliberate exaggeration of education levels. To check this we ran a standard regression of log earnings on years of education, experience (calculated as age minus education minus 6), experience-squared, and a dummy for men, using only observations with positive earnings. The returns to education in the lottery sample in that regression are 7.7 percent (standard error [SE] 2.7 percent), very similar to those found in the CPS sample of 8.2 percent (SE 0.9 percent). 16 If education levels were generally misreported in the lottery sample, one might have expected an estimate for the returns to education closer to zero. Thus, measurement error is an unlikely reason for the differences in education levels between the two samples.
III. Conceptual Framework and Specification
Here we outline the basic framework for analyzing the data. Suppose individual i lives for T i periods. Each individual chooses leisure l it and consumption c ijt in categories j ϭ 1, ... , J, in all periods, t ϭ 1, 2, ... , T i , to maximize lifetime discounted utility. We assume the utility function for individual i is Stone-Geary 17 :
(1) U͑c i11 , ... , c i1Ti , ... , c iJ1 , ... , c iJTi ,
where ␦, ␥ cj , ␥ l , ␤ l , and ␤ cj are the preference parameters. We normalize ␤ cj and ␤ l so that
Utility is maximized over consumption and leisure, subject to an intertemporal budget constraint,
N is individual i's wealth at the time of winning the lottery. Lifetime discounted discretionary income is the discounted sum of total potential labor earnings and unearned income minus essential expenditures on leisure and consumption:
where the discount factor is the interest rate r.
We are interested in the effect of winning the lottery on the optimal path of labor earnings, consumption, and savings. Winning a total lottery prize L i corresponds to a change in the path of unearned income from Y it N to Y it NЈ , where
For simplicity we suppose that the life span extends beyond the 20 years of the lottery payments. The only way winning the lottery changes the optimal labor supply, consumption, and savings decision is through its effect on lifetime discounted discretionary income. Winning the lottery increases this by
We assume that the individual faces no uncertainty concerning prices, wages, unearned income, and her life span. The optimal value of labor earnings in period t is 16 The same is true for the coefficients on experience, experience-squared, and gender. 17 
Optimal expenditures on consumption of good j in this period are given by
Wealth in period t, for t Յ 20, that is, during the time of winning, is
Equations (4) to (6) form the basis of our empirical analyses. Given a population of individuals acting according to this model we can write the expression for labor earnings as a linear function of the yearly lottery prize
where is the population average of it and the residual it captures variation in wages, other unearned income, and life span.
As discussed in Section II, subsection B, the critical assumption we make is that of exogeneity of the lottery prize. In the current setup this requires that within the population of respondents the magnitude of the lottery prize, L i , is independent of all the other inputs into the decision process, that is, wages, other unearned income, and life span, and thus of the lifetime discounted discretionary income in the absence of the lottery prize, F i . Evidence for this assumption is the lack of correlation between the magnitude of the lottery prize on the one hand and individual characteristics and prior earnings on the other hand, at least within the sample of 193 small winners. If this assumption holds, then it is uncorrelated with L i , and thus least-squares regression gives an unbiased estimator for Ϫ␤ l ϫ .
In addition to this simple linear regression we estimate regression functions with additional covariates:
If these covariates are independent of the lottery prize, their inclusion cannot lead to bias, irrespective of their relation to the left-hand-side variable, although it may affect precision. The main reason for including them is to correct for nonresponse bias. The critical assumption then requires only that among respondents the lottery prize is independent of i once we condition on these covariates.
In the empirical section, we report estimates of this coefficient without directly attempting to separate the coefficient of primary interest, Ϫ␤ l , from . This coefficient reflects the fact that the lottery payments are for 20 years only rather than an annuity for the remaining lifetime, as well as differences between the discount factor ␦ and the interest rate r. To adjust for this limited duration would involve estimating the discount factor and average life span, for which the current data set does not appear to be well suited. To provide some indication of the relation between the estimated coefficients and coefficient of primary interest, Ϫ␤ l , we calculated for different values of the discount factor and life span. Suppose the discount factor and interest rate are both equal to 0.10 and the life span is an additional 30 years after winning the lottery. 18 In that case ϭ 0.90. 19 We also estimate regression functions where we interact the lottery prize with individual characteristics, specifically labor market status prior to winning, gender, age, education, and the number of years since winning the lottery. We might expect some of these factors to be associated with variation in the preference parameters. For example, the weight of leisure in the utility function may vary with gender or education level. Age is likely to be correlated with the remaining life span, with older individuals having lower values of the remaining life span T i , and thus higher values of it , implying that the interaction of age and lottery prize should be negative. According to the model, the number of years since winning the lottery should not be associated with variation in the effect of the lottery prize on labor earnings, although clearly alternative functional forms for the utility function allow for such variation.
We carry out the same analysis for the consumption expenditures. Because we only observe total expenditures over the entire period, on the right-hand side we use the accumulated lottery winnings, equal to t(L i / 20). The coefficient should be the relative weight in the utility function for that consumption category ␤ cj , multiplied by , approximately equal to 0.90.
For the savings the coefficient on the accumulated lottery prize ¥ sϭ1
tϪs , a function of the discount rate and interest rate, the remaining life span and the number of years since winning. Using the same numbers as before, ␦ ϭ r ϭ 0.10, T ϭ 30, and assuming all individuals are 10 years into their payout period, this equals 0.15. Increasing the remaining life span to 40 years increases this to 0.21, and lowering the interest and discount rate to 0.05 increases the predicted coefficient on savings to 0.23. Interacting the lottery prize with age in this regression should lead to a negative coefficient because age is negatively correlated with the remaining life span and thus also negatively correlated with 1 Ϫ . Interacting it with the number of years since winning the lottery should in this model lead to a positive coefficient of approximately 0.01 given the previoulsy hypothesized values for ␦, r, and T.
IV. Results

A. Marginal Propensity to Earn Out of Unearned Income
In Table 4 we present the results for the marginal propensity to earn (MPE) out of unearned income, or the income elasticity, based on regressions of labor earnings on the yearly lottery prize. 20 In the first row the outcome is the average Social Security earnings over the six post-lottery years, arguably the most reliable measure of the long-run income effect. The first column gives the result with no control variables, an estimate of Ϫ0.051 with a standard error of 0.014. The estimate changes very little when we include the small set of regressors (years of education, age, dummies for sex, college, age over 55, age over 65) in specification II, or when we first difference the earnings variable by subtracting the earnings in the last pre-lottery year (specification III). Even with the large set of covariates (small set of covariates plus number of tickets bought, year of winning, earnings in six years prior to winning, dummies for positive earnings in six years prior to winning, dummy for working at the time of winning) in specification IV, the estimates do not change much, although they are more precisely estimated.
21 18 This implies 10 years beyond the 20 years of lottery payment. Given that individuals in our sample are on average 50 years old when they win the lottery, this corresponds to a total age of 80. 19 If the remaining life span is 40 years, ϭ 0.87. If the discount rate and interest rate are 0.05 (and the life span is again 30 years), ϭ 0.81. Obviously if the life span is equal to the 20 years of lottery payments, ϭ 1. 20 More precisely, as discussed in Section III, these are estimates of Ϫ␤ l . With argued to be approximately 0.90, this means that to get estimates of the MPE directly comparable to those in the literature, one should add 10 percent to the estimates in Tables 4 and 5 . 21 This robustness may come as somewhat of a surprise, given that Table 2 shows that average characteristics, including lagged earnings, differ considerably between winners and nonwinners. However, these significant differences do not imply that these variables actually explain much of the variation in prizes. The R 2 in a regression of prizes on all individual characteristics and lagged earnings is only 0.17, and if the number of tickets bought is excluded, the R 2 drops to 0.08. Because the number of tickets bought itself is not significantly correlated with earnings, it may be less surprising that adjusting for differences in these variables does not greatly affect the results. Because some of the control variables, notably lagged earnings, are highly correlated with the outcome in these regressions, the standard errors in specifications III and IV are considerably lower than those in the first specification without any control variables.
In the fifth specification we add a quadratic term in the prize. Rather than report the coefficient on the quadratic term, we report the derivative of the expected earnings as a function of the prize at two values of the prize, zero and the median prize ($32,000 per year). The estimates of the MPE based on this specification are much larger than the linear regression-based estimates, equal to Ϫ0.114 (0.015) at a prize equal to zero, and Ϫ0.097 (0.012) at a prize equal to $32,000. Although these two estimates are very close, the quadratic term is in fact highly significant, with a t-statistic equal to 4.8. Because the distribution of prizes is so skewed, with a minimum of zero, a median yearly prize equal to $32,000 and a maximum equal to $500,000, the few very large observations disproportionally affect the linear regression estimates.
The next specification excludes the 259 nonwinners, more than half the sample. This specification avoids potential biases from the differences between season ticket holders and single ticket buyers, and thus stays closer to the ideal experiment of randomly allocating annuities to a fixed population. The results for this specification are very similar to those from specification IV with the same set of control variables that includes the nonwinners. 22 Next, in specification VII, we exclude the big winners (winners with a yearly prize larger than $100,000). This yields results similar to those from the quadratic specification, with an estimate for the MPE of Ϫ0.122 (0.020). Finally, we exclude both nonwinner and big winners. This again leads to a much larger estimate than the simple linear specification for the entire sample.
From the full set of estimates it appears that specifications linear in the prize have trouble 22 Although more than half the original sample is dropped in this specification, the precision is not significantly affected because most of the variation in the lottery prize is among the winners. Notes: Specifications: I: No individual controls, no differencing of outcome, linear in prize; sample includes nonwinners and big winners. II: Small set of individual controls (years of education, age, dummies for sex, college, age over 55, age over 65), no differencing of outcome, linear in prize; sample includes nonwinners and big winners. III: Small set of individual controls, differenced outcomes, linear in prize; sample includes nonwinners and big winners. IV: Expanded set of individual controls (small set of controls plus number of tickets bought, year of winning, earnings in six years prior to winning, dummies for positive earnings in six years prior to winning, dummy for working at the time of winning), differenced outcomes, linear in prize; sample includes nonwinners and big winners. V: Expanded set of controls, differenced outcomes, quadratic in prize; sample includes nonwinners and big winners. Estimates reported are derivative with respect to prize at prize equal to zero and prize equal to $32,000. VI: Expanded set of individual controls, difference outcomes, linear in prize; sample includes winners only. VII: Expanded set of individual controls, difference outcomes, linear in prize; sample includes nonwinners and winners Ͻ $100,000 only. VIII: Expanded set of individual controls, difference outcomes, linear in prize; sample includes winners Ͻ $100,000 only. a Outcomes: Average of Social Security earnings in years one through six after winning the lottery, and earnings in years zero to six after winning the lottery.
fitting the response function for the big winners; this is not accounted for by including additional regressors as in specifications II, III, and IV. A quadratic specification (specification V) fits considerably better in the full sample. Once we exclude the big winners (specifications VII and VIII), including a quadratic term in the prize leads to a t-statistic of 0.6, suggesting that the linear specification fits fairly well. These three specifications (V, VII, and VIII) all lead to estimates of the MPE around Ϫ11 percent.
The next seven rows present the results for the year of winning and the six subsequent years. We focus on specification VIII because the differences between the specifications largely follow the same pattern as that for the average earnings. Because we do not have information on division of earnings in the year of winning between earnings prior to and after winning, one might expect the marginal propensity to earn to be closer to zero for this year than for subsequent years. This hypothesis is confirmed by the data with an estimated MPE of 0.004. However, even during the first full year after winning the lottery the estimated MPE is much lower than that in subsequent years, at Ϫ0.056 (0.25). After the first post-lottery year, the MPE stabilizes around Ϫ0.10 (0.03). It appears to take individuals some time to adjust their labor supply to the desired level.
The estimates for the marginal propensity to earn of around Ϫ0.10 (or Ϫ0.11, after adjusting for an estimate of approximately equal to 0.90 to take care of the limited duration of the lottery prize) are not out of line with those in the literature, which is not surprising given the wide range of estimates reported there. Pencavel (1986) reports in his survey on 13 studies using nonexperimental data for U.S. men, with estimates ranging from Ϫ0.70 to 0.08. Estimates based on the negative income tax experiments range from Ϫ0.29 to 0.02 in his survey. Blundell and MaCurdy (2000) find estimates ranging from Ϫ0.95 to 0.002 for men, and from Ϫ0.40 to 0.27 for women.
In Table 5 we present the results for the MPE with interactions with five variables: indicators for zero earnings in the year prior to winning, for women, for age at winning between 55 and 65, for age at winning greater than 65, for some college, and the discrete variable years since winning. This regression is based on specification VIII, with the large set of control variables 
Notes:
The sample consists of the 194 winners with a yearly prize less than or equal to $100,000. All regressions include the yearly lottery prize, the lottery prize interacted with an indicator for zero earnings prior to winning, an indicator for women, an indicator for age between 55 and 65 at the time of winning, an indicator for age over 65 at the time of winning, an indicator for some college, and years since winning, as well as the large set of control variables (years of education, age, dummies for sex, college, age over 55, age over 65, small set of controls plus number of tickets bought, year of winning, earnings in six years prior to winning, dummies for positive earnings in six years prior to winning, dummy for working at the time of winning). a Reports the marginal propensity to earn out of unearned income for the baseline individual, a man who won in 1986, who had positive earnings in the year prior to winning, with no college, less than 55 years old at the time of winning.
b The estimates are those for the coefficients corresponding to the interaction with yearly lottery prize.
and the sample limited to 194 winners with a prize less than $100,000 per year. The first column presents the estimate for the baseline individual: a man less than 55 years old with positive earnings in the year prior to winning, with no college and who won in 1986 (10 years prior to the 1996 survey). For this baseline person, the estimated MPE is Ϫ0.124. For those with zero earnings in the year prior to winning the lottery, the MPE based on the average post-lottery earnings is 0.209 (0.084) higher, leading to an estimated MPE of Ϫ0.124 ϩ 0.209 ϭ 0.085, which is in fact positive. Although this estimate is not significantly different from zero, at least it suggests no evidence of negative effects of the lottery payments on the labor supply of low earners. More surprisingly, we find no significant differences between men and women in terms of the marginal propensity to earn out of unearned income. All estimates of the differences are extremely close to zero, with some negative and some positive estimates, and none is significant for the average of post-lottery years or for any of the post-lottery years separately. In this sample men and women have substantially different labor market experiences, with 75 percent of the men working in the last pre-lottery year, with average earnings for those with positive earnings equal to $26,700, and 65 percent of the women working, with their average earnings equal to only $15,400. However, these differences do not appear to lead to different estimates of the marginal propensity to earn.
We do find differences by age. We experimented with age interacted with the prize, as well as with indicators for age between 55 and 65 and age over 65 interacted with the prize. The latter specification is the one reported here. Individuals between 55 and 65 at the time of winning the lottery reduce their labor earnings significantly more than younger workers. Looking at the average post-lottery earnings, their MPE is lower by Ϫ0.167 (0.070). Individuals even older, that is, older that 65 at the time of winning, reduce their earnings as much as those younger than 55, though less than those between 55 and 65 years of age. The effect of the lottery winnings by age suggests that some individuals reduce their labor supply earlier than they might otherwise have, that is, take early retirement. Regressions using only a simple interaction of age and prize do not show any evidence of age differences in the marginal propensity to consume, possibly missing the negative effect for the middle age group. Although this negative effect was not predicted by the simple life-cycle model used in the previous section, it would be consistent with generalizations with human-capital formation that make wages a function of previous labor market experiences.
Having some college education does not affect the marginal propensity to earn out of unearned income, and neither does the timing of the prize. In both cases the interactions are small and insignificant in all seven years as well as in the average earnings measure.
B. Consumption and Savings
In Table 6 we report the results for expenditures on cars, housing, and savings. Recall that here the explanatory variable is the cumulative lottery prize up to the time of the survey. For car values, total or net, we find that there is a small but highly significant effect of lottery prize. As long as the sample includes the big winners (specifications I-VII) the marginal propensity to consume is very precisely estimated to be 0.009 (0.002), meaning that out of the total amount won so far in the lottery 0.9 percent (SE 0.2 percent) is spent on cars (or 0.7 percent on car values net of loans). 23 If we exclude the big winners, the marginal propensity to consume goes up to about 1.4 percent (0.7 percent). For housing there is a similar story. As long as the sample includes the big winners the value of housing is significantly affected by the lottery prize, with a marginal propensity to consume up to 4 percent (1 percent) in specification VI. If we exclude the big winners the effect is still of similar size, but it is no longer significantly different from zero. Note that if we use housing values net of mortgages, the effect disappears in all specifications. After winning the lottery, people appear to be buying more expensive houses, especially the big winners, but they do finance them through correspondingly larger mortgages.
Next, consider the savings outcomes. First we look at the retirement accounts. The basic no-control-variable specification suggests a large and significant negative effect of unearned income on retirement savings. Adjusting for covariates leads to slightly smaller estimates, but they are still negative and significantly different from zero. However, this effect disappears entirely if we drop the nonwinners from the sample (specifications VI and VII). It appears that the nonwinners save considerably more in retirement accounts than the winners. Evidence of this savings pattern can already be seen in the summary statistics in Table 2 , which shows that nonwinners on average have $92,000 in retirement savings, compared to $34,000 for the winners. Part of this is obviously due to the six-year difference in average age between the two groups, but not all, because the adjustments in specifications II and IV do not eliminate this negative estimate. Part of this savings differential may also be attributed to differences in the population of season ticket holders and single ticket buyers that we do not adequately adjust for. Looking at other financial savings, we do find a positive relation with unearned income. Excluding nonwinners, we find a marginal propensity to save out of unearned income of 3.9 percent (1.9 percent). Excluding both nonwinners and big winners, the estimate is much higher: 18.3 percent (6.1 percent). Given concerns about the reliability of the reports on savings for the biggest savers, which are likely to also be the biggest winners, we view the estimates on the sample excluding nonwinners and big winners as the most reliable. Adding up the two savings measures leads to similar results, with our preferred estimate of the marginal propensity to save out of unearned income based on the sample without nonwinners and big winners equal to 15.8 percent (5.6 percent). These numbers are consistent with the discussion of the life-cycle model in Section IV, where a discount factor and interest rate of 0.10 and a life expectancy of 80 years suggest a coefficient of 0.15 for the effect of the lottery prize on accumulated savings 10 years into winning the lottery.
In Table 7 we report estimates for the same outcomes based on interacting the lottery prize with the six individual background variables (prior earnings positive, men, age between 55 and 65, age over 65, college, and years since winning). Men appear to be saving more from unearned income, with their marginal propensity to save (other than in retirement accounts) greater by 24 percent (11 percent).
Surprisingly there is no evidence that older people save less out of unearned income. For the Expanded set of individual controls (small set of controls plus number of tickets bought, year of winning, earnings in six years prior to winning, dummies for positive earnings in six years prior to winning, dummy for working at the time of winning), linear in prize; sample includes nonwinners and big winners. V: Expanded set of controls, quadratic in prize; sample includes nonwinners and big winners. Estimates reported are derivative with respect to prize at prize equal to zero and prize equal to $32,000. VI: Expanded set of individual controls, linear in prize; sample includes winners only. VII: Expanded set of individual controls, linear in prize; sample includes nonwinners and winners Ͻ $100,000 only. VIII: Expanded set of individual controls, linear in prize; sample includes winners Ͻ $100,000 only. a Outcomes: Current value of cars, net value of cars, current value of housing, net value of housing, value of retirement accounts, value of other savings accounts, total value of financial assets.
55-to 65-year-old group, the estimates are in fact positive and close to significant, although for the older group they are negative but far from significant. Having some college does not affect either the marginal propensity to spend on cars or housing, or the marginal propensity to save. The longer ago someone has won the lottery, and thus the closer to the end of the 20 years of lottery payments, the larger the marginal propensity to save. Although the direction is consistent with the predictions of the model in Section III, the magnitude of the interactions appears to be too large for this interpretation. This pattern is more consistent with consumption smoothing where large expenditures are incurred early on during the period of lottery payments, followed by a period with higher savings.
V. Conclusion
In this paper we exploit the random assignment of large sums of money in lotteries to estimate the effect of unearned income on labor earnings, consumption, and savings. We find that over the range of annual unearned income from zero to $100,000 the marginal propensity to earn out of unearned income is around Ϫ11 percent. This estimate is robust against a variety of specifications once we either allow for a nonlinear effect or exclude winners who receive more than $100,000 per year from the lottery. Surprisingly this effect does not differ much between men and women. The effect is stronger for individuals close to the standard retirement age. The savings rate for unearned income is estimated at 16 percent and increases with the proportion of the prize received.
A comparison between the lottery sample and the Current Population Survey suggests that, although the marginal distribution of economic variables varies substantially between the samples, economically meaningful parameters such as the returns to education are very similar. The estimates obtained in this study may therefore have some relevance for more general populations, although there is a caveat that we have no direct evidence concerning the difference of responses to lottery income versus other sources of unearned income.
REFERENCES
Angrist, Joshua and Krueger, Alan. "Empirical Strategies in Labor Economics," in Orley 
Notes:
The sample consists of the 194 winners with a yearly prize less than or equal to $100,000. All regressions include the accumulated lottery prize, the lottery prize interacted with an indicator for zero earnings prior to winning, an indicator for women, an indicator for age between 55 and 65 at the time of winning, an indicator for age over 65 at the time of winning, an indicator for some college, and years since winning, as well as the large set of control variables (years of education, age, dummies for sex, college, age over 55, age over 65, small set of controls plus number of tickets bought, year of winning, earnings in six years prior to winning, dummies for positive earnings in six years prior to winning, dummy for working at the time of winning). a Reports the marginal propensity to consume out of unearned income for the baseline individual, a man who won in 1986, who had positive earnings in the year prior to winning, with no college, less than 55 years old at the time of winning.
b The estimates are those for the coefficients corresponding to the interactions with accumulated lottery prize.
